Introduction {#Sec1}
============

As a result of the rising rate of primary cesarean birth, elective (planned) repeat cesareans now account for close to 15 percent of cesarean deliveries performed in the United States \[[@CR1]\]. For women undergoing an elective repeat cesarean, the gestational age at which the cesarean delivery is performed is an important healthcare quality indicator \[[@CR2]\]. As risks of serious neonatal respiratory complications are significantly higher at early term ages (37--38 weeks) compared with late term ages (39--41 weeks) \[[@CR3]--[@CR8]\], clinical practice guidelines state that elective cesareans should not be scheduled before 39 weeks unless documented evidence of fetal lung maturity exists \[[@CR9], [@CR10]\]. Recent evidence suggests that even infants with documented fetal lung maturity at 36--38 weeks are at increased risk of respiratory morbidity compared with infants born at 39--40 weeks \[[@CR11]\].

Despite evidence and clinical practice guidelines advocating against early term delivery, several studies suggest that elective repeat cesareans may commonly be performed before 39 weeks. A study from the National Institute of Child Health and Human Development Maternal--Fetal Medicine Units Network, a collaboration of 19 US academic centres, reported that 35.8 % of elective repeat cesareans were performed before 39 weeks \[[@CR4]\]. Similarly, the Aarhus University Hospital in Denmark and a study from the Netherlands found that over 50 % of elective cesareans (for any indication) occurred at 37 or 38 weeks \[[@CR3], [@CR7]\]. These findings are concerning, given the increased burden of preventable serious neonatal complications this practice is believed to cause.

Our understanding of the reasons why current practice in timing of elective repeat cesarean delivery appears to be at odds with clinical guidelines is limited. Although often attributed to physician convenience or women's desire to deliver once term has been reached, the extent to which patterns of early term elective repeat cesarean are influenced by maternal, care-provider, or institutional-level factors has not been well studied. In order to best target initiatives to reduce the number of elective repeat cesareans performed before 39 weeks, an understanding of current patterns of early term deliveries is needed. The primary goal of this study was to identify patient-, care giver-, and institutional-level risk factors for early term elective repeat cesarean delivery in a large, population-based cohort in British Columbia (BC), Canada.

Methods {#Sec2}
=======

Study Population {#Sec3}
----------------

An analysis of birth records in the BC Perinatal Database Registry (BCPDR) between April 1, 2008 and March 31, 2011 was performed. The BCPDR is a quality-controlled database maintained by the provincial government agency Perinatal Services BC, and contains obstetrical and neonatal medical chart records on \>98 % of births in the province \[[@CR12]\]. Data quality is maintained by checks in the data entry software program, year-end checks and reports, and ongoing quality checks. The BCPDR contains over 130,000 birth records from 2008 to 2011. The study was approved by the Research Ethics Board of the BC Children's & Women's Hospital (CW11-0190/H11-01827).

The study population was restricted to women with a previous cesarean delivery who delivered a singleton, term (37 + 0 to 41 + 6 weeks) infant by cesarean delivery for a primary indication of "Repeat cesarean" or "VBAC declined/Maternal request". In British Columbia, over 70 % of women with a singleton, cephalic fetus have a planned repeat cesarean delivery \[[@CR13]\]. The indications for cesarean are obtained from the physician's notes or the Labour & Birth Summary, which is a provincially-standardized form completed by the physician, nurse, or midwife. We further excluded pregnancies with documented comorbidities that may have influenced planned timing of delivery (suspected intrauterine growth restriction, maternal pre-existing or gestational diabetes, hypertension in pregnancy, cardiac disease, or renal disease), and women who presented in labour or with ruptured membranes prior to the cesarean. Stillbirths and pregnancies with congenital anomalies were also excluded.

Variables {#Sec4}
---------

Gestational age was calculated using the Society of Obstetricians and Gynecologists of Canada algorithm \[[@CR14]\] in which gestational age is estimated using last menstrual period if it agrees with early ultrasound (within 5 days if ultrasound performed \<14 weeks, 7 days if ultrasound performed 14--17 weeks, and 10 days if ultrasound performed 18--20 weeks) and the early ultrasound estimate is used otherwise. Early term was defined as a birth at 37 + 0 to 38 + 6 weeks, while late term was defined as a birth at 39 + 0 to 41 + 6 weeks.

Maternal level risk factors evaluated for a potential association with early term delivery included the number of previous cesarean deliveries (1, 2, 3 or more), maternal age (years), and maternal pre-pregnancy body mass index (BMI), categorized as underweight (BMI \< 18.5 kg/m^2^), normal weight (BMI 18.5--24.9 kg/m^2^), overweight (BMI 25--29.9 kg/m^2^), and obese (BMI ≥ 30 kg/m^2^). Maternal heights and pre-pregnancy weights in the BCPDR can be either self-reported or measured at the time of a clinic visit. A maternal weight measured before 12 weeks' gestation is accepted in the absence of a pre-pregnancy weight.

Type of health care provider was based on the individual who delivered the baby, classified as obstetrician/gynecologist, family doctor, or general surgeon. In British Columbia, family doctors and general surgeons (with additional training in cesarean sections) can perform cesarean deliveries, typically serving smaller centers with limited access to specialist obstetrical services. Hospital delivery volume was classified based on the total number of deliveries occurring at each institution on an annual basis, categorized as fewer than 500, 500--999, 1,000--1,499, 1,500--2,499, or ≥2,500 deliveries. We hypothesized that early term deliveries may be more likely immediately prior to a weekend or times of increased staff vacations, so variables indicating a Thursday or Friday delivery or a delivery during the summer months of July or August were created.

Statistical Analyses {#Sec5}
--------------------

The risk of early term delivery was defined as the number of cesarean deliveries performed at early term ages divided by the total number of cesarean deliveries at term. The overall risk of early term delivery was calculated with a 95 % CI. As early term delivery was not a rare outcome, risk factors for early term delivery were assessed using risk differences (RD) (i.e., the absolute difference in percentage points between groups in early term delivery rates) rather than odds ratios. Unlike calculation of odds ratio, this approach produces unbiased estimates of average risk with a common outcome when adjusted for covariates \[[@CR15], [@CR16]\]. A multivariable generalized linear model that simultaneously adjusted for other maternal and institutional determinants was built to identify independent risk factors for early term delivery. In this adjusted model, multiple imputation was used to retain women with missing pre-pregnancy BMI \[[@CR17]\]. Missing heights and pre-pregnancy weights were imputed (to maximize the use of recorded data), then BMI was derived from these values. As recommended \[[@CR17]\], we included the outcome variable (early term delivery) as well as other maternal, fetal, and institutional characteristics in our imputation models. Ten imputed datasets were created, and summary results produced using STATA SE version 11's.mi estimate (College Station, TX, USA).

Results {#Sec6}
=======

A total of 12,406 women who delivered a singleton, term birth following a repeat cesarean delivery with a primary indication of 'repeat cesarean' or 'VBAC declined/maternal request' were eligible for inclusion. Excluding pregnancies with comorbidities (n = 1,878), pre-cesarean labour (n = 1,519) or rupture of membranes (n = 990) and infants with anomalies (n = 332) left 7,687 pregnancies for analysis. In our study population, the average (SD) maternal age was 33 years (5.0) and average pre-pregnancy BMI 25.6 kg/m^2^ (5.8). Seventy-one percent (71 %) of women had a parity of 1, 23.3 % had a parity of 2, and 5.6 % had a parity of 3 or higher. The average birth weight was 3,490 grams (437).

In British Columbia, 55 % of elective repeat cesarean deliveries (95 % CI 54, 56 %) were performed at early term ages (4,199/7,687). As shown in Fig. [1](#Fig1){ref-type="fig"}, the majority of these early term deliveries occurred at 38 weeks. In Table [1](#Tab1){ref-type="table"}, the risk of elective repeat cesareans performed at early term delivery is shown according to maternal, care giver, and institutional characteristics, while the corresponding differences in percentage points between categories (i.e., the absolute risk difference) are shown in Figs. [2](#Fig2){ref-type="fig"} and [3](#Fig3){ref-type="fig"}, both crude and after adjusting for confounders. The figures show the increased or decreased risk in each category as compared with the reference categories of: one previous cesarean (number of previous cesareans), maternal age 20--24 (maternal age), and pre-pregnancy body mass index 18.5--24.9 kg/m^2^ (BMI), obstetrician/gynecologist (type of care provider), ≥2,500 deliveries (obstetrical volume),and times other than July/August or Thursday/Friday delivery (calendar time).Fig. 1Gestational age of elective repeat cesarean deliveries at term in British Columbia, Canada, 2008--2011 Table 1Maternal, care provider, and institutional determinants of early term delivery in 7,687 women with term elective repeat cesarean deliveries in British Columbia, Canada, 2008--2011Characteristics of early term deliveries (n = 4,199)Characteristics of late term deliveries (n = 3,488)Risk of early term delivery n/N (%)n (%)n (%)*Number of previous cesareans*13,079 (73.3)2,796 (80.2)3,079/5,875 (52.4)2966 (23.0)610 (17.5)966/1,576 (61.3)3 or more154 (3.7)82 (2.4)154/236 (65.3)*Maternal age (years)*\<25303 (7.2)293 (8.4)303/596 (50.8)25--291,061 (25.3)816 (23.4)1,061/1,877 (56.5)30--341,517 (36.1)1,269 (36.4)1,517/2,786 (54.5)35--391,065 (25.4)922 (26.4)1,065/1,987 (53.6)≥40253 (6.0)188 (5.4)253/441 (57.6)*Maternal pre*-*pregnancy BMI*\<18.575 (1.8)79 (2.3)75/154 (48.7)18.5--24.91,294 (30.8)1,101 (31.6)1,294/2,395 (54.0)25--29.9595 (14.2)557 (16.0)595/1,152 (51.7)≥30567 (13.5)369 (10.6)567/936 (60.6)Missing1,668 (39.7)1,382 (39.6)1,668/3,050 (54.7)*Care provider*Obstetrician3,916 (93.3)3,294 (94.4)3,916/7,210 (54.3)Family doctor216 (5.1)148 (4.2)216/364 (59.3)General surgeon67 (1.6)46 (1.3)67/113 (59.3)*Hospital obstetrical volume*\<500509 (12.1)391 (11.2)509/900 (56.6)500--999725 (17.3)506 (14.5)725/1,231 (58.9)1,000--1,499655 (15.6)440 (12.6)655/1,095 (59.8)1,500--2,4991,088 (25.9)942 (27.0)1,088/2,030 (53.6)≥2,5001,222 (29.1)1,209 (34.7)1,222/2,431 (50.3)July or August delivery735 (17.5)603 (17.3)735/1,338 (54.9)Thursday or Friday delivery1,251 (29.8)996 (28.6)1,251/2,247 (55.7) Fig. 2Differences in risk of early term elective repeat cesarean delivery according to maternal characteristics in British Columbia, Canada, 2008--2011, compared with the reference groups of 1 previous cesarean (number of previous cesareans), maternal age 20--24 (maternal age), and pre-pregnancy body mass index 18.5--24.9 kg/m^2^ (BMI). Multiple imputation was used to address missing pre-pregnancy BMI values Fig. 3Differences in risk of early term elective repeat cesarean delivery according to institutional and care provider characteristics in British Columbia, Canada, 2008--2011, compared with the reference groups of obstetrician/gynecologist (type of care provider), ≥2,500 deliveries (obstetrical volume),and times other than July/August or Thursday/Friday delivery (calendar time). Multiple imputation was used to address missing pre-pregnancy BMI values

The risk of early term delivery was higher among women with a greater number of previous cesareans. Compared with women with a single previous cesarean, women with two previous cesareans had a risk of early term delivery that was nine percentage points higher \[RD = 8.9 (95 % CI 6.2, 11.6), reflecting crude risks of 61 vs. 52 %\]. Adjustment for other maternal and institutional characteristics had minimal impact on this risk factor \[adjusted RD = 8.2 (95 % CI 5.5, 11.0)\]. The risk of early term delivery was even higher among women with three or more previous cesareans, with an estimated risk 11.3 percentage points higher than women with only a single previous cesarean (95 % CI 5.1, 17.4) after adjusting for potential confounders.

Maternal age was not a strong risk factor for early term delivery. Although women under 25 were less likely to have an early term repeat cesarean delivery than women aged 25--29 \[adjusted RD = −6.1 (−10.7, −1.5)\], no significant differences were seen in women aged 30--34, 35--39, or older than 40 years compared with women aged 25--29. There were no significant differences in the risks of early term delivery in underweight or overweight women compared with normal weight women, but among obese women, the risk of early term delivery was significantly higher than in normal weight women \[crude risks of 61 % among obese women and 54 % among normal weight women; adjusted risk difference of 6.7 (95 % 1.6, 11.7)\].

Risks of early term delivery varied significantly according to hospital obstetrical volume. In hospitals with an obstetrical volume of 2,500 or more deliveries per year, 50.3 % of elective repeat cesareans were performed at early term ages, compared with rates close to 60 % in hospitals with fewer than 1,500 deliveries per year. These differences remained significant after adjusting for differences in maternal and care giver characteristics between sites. Risks of early term delivery did not differ between obstetrician/gynecologists, family doctors, and general surgeons. We also found no evidence to suggest that scheduling issues influenced rates of early term delivery. Rates of early term delivery on Thursdays or Fridays and during summer months were not significantly different than at other times.

Sensitivity analyses using a Huber-White sandwich estimator to account for the potential correlation from inclusion of repeated pregnancies in our population produced virtually identical results (data available upon request). We also obtained similar results when multivariable models were restricted to women with documented BMI (i.e., excluding women with missing BMI), with the exception of the estimate for hospitals with 1,500--2,499 births, which was attenuated and no longer statistically significant \[RD = 0.4 (−3.3, 4.1)\].

Discussion {#Sec7}
==========

Despite the known risks of elective delivery before 39 weeks' gestation, this study found that in a large population-based cohort, 55 % of term elective repeat cesarean deliveries were performed at 37 or 38 weeks. Women with multiple previous cesareans, obese women, and women delivering in medium--low obstetrical volume hospital were at elevated risk of early term delivery.

A study from the Netherlands reported that women with elective cesareans before 39 weeks were more likely to be older, of Western origin, and multiparous \[[@CR7]\]. We found that younger maternal age (\<25) was associated with a lower rate of early term delivery, but rates were not significantly higher among women of advanced age. The higher rate of early term delivery among multiparous women in the Dutch study agrees with our finding that women with multiple previous cesareans were significantly more likely to have an early term delivery, as these two factors are likely highly correlated. We additionally found that obese women were more likely to have an early term delivery. Taken together, these results suggest that concerns over potential obstetrical complications associated with delayed delivery (such as the increased risk of stillbirth among obese women \[[@CR18]\], increased difficulties associated with performing an emergent cesarean for an obese women, or increased risk of uterine rupture among women with multiple cesarean scars following onset of spontaneous labour \[[@CR19]\] may be important factors behind the high rates of early term elective cesareans in these groups. As with all clinical practice guidelines, guidelines on timing of repeat cesarean delivery are intended to promote best practice for the population of women undergoing a repeat cesarean delivery, but should not replace clinical judgment. Consideration of available resources and each woman's individual circumstances is critical for identifying exceptional cases where delaying delivery until 39 weeks may not be appropriate. Research to quantify the risks and benefits of early term delivery in these groups of women would be valuable in determining whether obesity and multiple previous cesareans should be considered to be indications for early term delivery.

Several explanations for our finding that the risk of early term delivery was lowest in high volume hospitals are possible. As preliminary evidence suggests that hospital policies to delay elective cesarean delivery until 39 weeks may increase the probability that a woman will go into spontaneous labour prior to her scheduled surgery date and require an emergency-timing cesarean \[[@CR20]\], the lower rate at high volume hospitals may reflect increased confidence and/or ability to perform emergency-timing cesareans and manage potential complications arising from pre-cesarean labour as a result of better access to specialist services (obstetrics, anesthesia). Alternatively, performing a higher volume of elective repeat cesareans may create more of an incentive to develop and implement specific policies to reduce deliveries before 39 weeks.

We are unaware of other studies that have examined if patterns of early term elective cesarean delivery differ according to care-giver or institutional factors. Although we had hypothesized that scheduling issues (such as times of high staff vacation or wish to avoid a weekend delivery) may be an important reason why deliveries were performed before 39 weeks, our hypothesis was not supported by our data. Likewise, rates of early term delivery did not differ according to the type of care provider.

Strengths of this study include its use of a database that contains a representative, population-based study sample with detailed obstetrical and neonatal medical chart information. Our population-based sample means that results are generalizable to women who deliver outside tertiary care teaching hospitals (where much of the work on timing of elective cesarean delivery has previously been done) \[[@CR3], [@CR4]\], and we were additionally able to examine the influence of factors such as hospital obstetrical volume on rates of early term delivery.

Although we excluded women with documented comorbid conditions and pregnancies with suspected intrauterine growth restriction, a portion of the elective repeat cesareans at early term gestation could have been precipitated by additional medical or obstetrical indications not included in our database. Further, documentation of risk factors in the medical chart may have been lacking for some women, resulting in a true indication for early term delivery. Nevertheless, given that undocumented or additional comorbidities likely only constitute a small fraction of the population of women undergoing a term repeat cesarean delivery (documented comorbities accounted for 15 percent of our total population, and we speculate that undocumented comorbidities are less common than this), and that early term delivery was very common on our population (55 percent), such cases are unlikely to explain away the observed rate of early term delivery. We also did not have data on the type of incision used in the previous cesarean, which may be an important determinant of timing of delivery. Further work to understand the role of this potential risk factor would be valuable.

Conclusions {#Sec8}
===========

Although early term elective repeat cesarean delivery was most common among women with multiple previous cesareans, obese women, and women delivering in small or mid volume hospitals, the risk of early term delivery was high even in non-obese women with a single previous cesarean delivering in high volume hospitals. Given the large numbers of planned repeat cesarean deliveries performed each year in British Columbia and elsewhere, the high rates of early term delivery in this group could have an important impact on the burden of neonatal respiratory morbidity at the population level. Initiatives to reduce the number of repeat cesarean deliveries performed before 39 weeks appear to be needed in most obstetrical care settings, rather than only in certain institution types, care providers, or groups of women. Higher rates of early term delivery among obese women and women with multiple previous cesareans suggest that practice guidelines should clarify whether obesity and multiple previous cesareans are possible indications for an early term delivery.
